Background: Prenatal alcohol exposure (PAE) can result in physical and neurocognitive deficits that are collectively termed "fetal alcohol spectrum disorders" (FASD). Although FASD is associated with lifelong intellectual disability, the mechanisms mediating the emergence of secondary mental health and physical disabilities are poorly understood. Based on our previous data showing that maternal ethanol (EtOH) exposure in mice resulted in an immediate reduction in cranially directed fetal blood flow, we hypothesized that such exposure would also result in persistent alterations in cranially directed blood flow in the prenatally alcohol-exposed (PAE) adult. We also hypothesized that PAE adults exposed to an acute cerebrovascular insult would exhibit more brain damage and neurobehavioral impairment compared to non-PAE adult controls.
estimated at 2 to 3%, but regional estimates for FASD are as high as 11% of the population (Roozen et al., 2016) .
The persistent deficits in brain function associated with FASD, including deficits in cognitive and executive function, have been documented (Kodituwakku, 2009 ). However, although FASD is understood to be an important public health and economic burden (Popova et al., 2012) , the longterm health consequences of PAE on health, particularly brain health of the mature and aging FASD adult, are largely unknown, and consequently, the costs are unpredictable. It is instructive to note that prenatal exposure to a class of pharmacologically related drugs of abuse, the benzodiazepines, has been previously shown to result in continuing brain oxidative stress in adult and aging animals (Miranda et al., 1990) . PAE may result in similar long-term adverse brain health outcomes.
Adequate blood flow is a critical requirement for normal adult brain function, and emerging evidence indicates that PAE may adversely influence vascular hemodynamics. In a previous study, we showed that, in a mouse model, a single episode of ethanol (EtOH) exposure during the first trimester-equivalent period of pregnancy preferentially reduced cranially directed blood flow in developing fetus and that this effect lasted for at least 24 hours following EtOH exposure (Bake et al., 2012 ). An intriguing report showed that PAE in a rat model resulted in reduced nephron number at 1 month of age and increased arterial blood pressure at 6 months of age (Gray et al., 2010) . In prepubertal human population, a FASD diagnosis was associated with significantly increased risk for hypertension (Cook, 2014) . Collectively, these studies identified hemodynamic deficits due to PAE that occurred both in the immediate fetal period, as well as in the more distal, prepubertal period of development. It is possible that blood flow deficits due to PAE persist into mature adulthood. In this study, we assessed the more persistent effects of PAE on cranially directed blood flow in the young to mature adult.
It also remains to be determined whether PAE predisposes FASD adults to increased risk for disability following a second adverse life experience in adulthood. In this context, PAE has been shown, in rodent models, to increase the vulnerability of FASD adults to stress (Hellemans et al., 2010; Lee et al., 2000) and to diet-induced metabolic disease (Xia et al., 2014) . Two recent studies on human populations linked FASD with increased obesity in adolescence and with eating disorders (Fuglestad et al., 2014; Werts et al., 2014) , suggesting a potential link with emerging metabolic disease. As obesity (Yau et al., 2012) and hypertension (Fujishima et al., 1995) are associated with decreased brain health, PAE is expected to result in increased risk for adverse outcomes following sudden-onset brain disease in the FASD adult. To assess the contribution of PAE to the effects of sudden, adultonset brain disease, we examined recovery of function following an ischemic stroke in PAE and control mice, using a middle cerebral artery occlusion (MCAo) model (Bake et al., 2014; Balden et al., 2012) . We assessed stroke outcomes in young adult animals, because recent data indicate that ischemic stroke is rapidly increasing in this population (George et al., 2011) , due in part to cardiovascular and metabolic disease (Ji et al., 2013) that, as pointed out earlier, has also been associated with PAE.
MATERIALS AND METHODS

Multiple Binge EtOH Exposure Model
All procedures were performed in accordance with Institutional Animal Care and Use Committee guidelines and approval. Timedpregnant C57BL/6 female mice (Harlan Laboratories, Houston, TX) were intragastrically gavaged with a binge-like bolus of EtOH at 3 g/kg body weight (prepared from 95% EtOH, ACS grade; Acros Organics/Thermo Fisher Scientific, Waltham, MA, # 61511) twice daily from GD12.5 through GD15.5, a late first trimester and early second trimester equivalent period of human pregnancy (Workman et al., 2013) . This developmental stage is critical for formation of neurons (Bystron et al., 2008) and blood vessels (Kuban and Gilles, 1985) in the fetal brain, and also encompasses the maturation period for the cardiac electrophysiology (Gui et al., 1996) . Our previous studies showed that this dose of EtOH resulted in a peak maternal blood alcohol concentration of 117 mg/dl (Bake et al., 2012) , a level equivalent to binge-like intoxication in humans. In this study, we chose the same dose and gestational age range because we previously observed effects of maternal EtOH exposure on fetal cranially directed blood flow, during this period (Bake et al., 2012) . Control pregnant dams received an equivalent volume of water by intragastric gavage. This study utilized a total of 7 control dams and 6 EtOH-exposed dams, and average litter size was 7.5 AE 0.4 (mean AE SEM) pups. Multivariate analysis of outcomes including maternal weight gain at GD15.5 (following the EtOH exposure period), number of male and female pups, total litter number and pup weight at postnatal day 5 showed no significant overall PAE effects on these pregnancy-associated outcomes, multivariate analysis of variance (MANOVA), Pillai's trace statistic, F(5, 7) = 1.729, p < 0.246. Post hoc, univariate analysis (ANOVA) showed that none of these measures were individually influenced by PAE, all Fs(1, 11) < 1.06, all ps > 0.05, n.s.
Ultrasound Imaging
Animals were anesthetized with isoflurane (3 to 4%) and maintained with 1% isoflurane on a temperature-controlled mouse platform with sensors for monitoring electrocardiogram, respiration, and core body temperature. The neck, abdomen, and thigh region was shaved and depilated (using Nair; Church & Dwight Co., Inc., Ewing, NJ) to improve contact with the transducer. Ultrasound gel (Ecogel; Eco-Med, Mississauga, Canada), prewarmed to 37°C was applied to the body prior to positioning the transducer. Both color and pulse-wave Doppler measurements for carotid, renal, and femoral arteries were obtained using a high-frequency Vevo 2100 ultrasound imaging machine coupled with a MS550D Microscan TM transducer with a center frequency of 40 MHz (Visualsonics, Toronto, Canada). Color Doppler and pulse-wave recordings ( Fig. 1) were used for measurement of acceleration (Acc) and velocity time integral (VTI) using Vevo 2100 analysis software as described previously (Bake et al., 2012) . Briefly, Acc is defined as the change in blood flow velocity from the onset of systolic forward flow to the peak with time (in mm/s 2 ). It is considered as a measure of cardiac output in peripheral vessels in humans (Chang et al., 2000) and in mice (Phoon et al., 2000) . VTI (mm 3 /s) is the area under the velocity envelope and is an index of the cardiac stroke volume through a specific vessel (Phoon and Turnbull, 2003) . Mean blood flow values shown in each group represent the average from 5 to 6 animals, which includes a mean value of 15 waveforms from 3 separate pulse-wave recordings (5/each recording) for each animal.
MCAo-Induced Cerebrovascular Ischemic Stroke
Animals were anesthetized with isoflurane and maintained at 37°C on heating pads. The neck region was shaved and the skin disinfected with EtOH, following which a ventral midline incision was made on the skin. Superficial fascia on the right side of the neck was dissected, and the underlying muscles were blunt dissected to expose the right common carotid (CCA), external carotid (ECA), and internal carotid arteries (ICA). The ECA was separated from the vagus nerve and tied off distally with silk sutures after cauterizing the small branches. Microsurgical clamps were placed on CCA and ICA, a loose tie was placed on the ECA, and the free stump of ECA was aligned with the ICA. A size 15 nylon 6.0 suture with a silicone-coated round tip (Doccol Corp., Sharon, MA) was inserted into ICA lumen through a small nick on the ECA. The suture was advanced along the ICA until it reached the origin of the middle cerebral artery (~9 mm of suture) and secured in position with nylon ties. The intraluminal suture was maintained for 90 minutes and then withdrawn. Tissue perfusion rate was monitored using laser Doppler flowmetry (Moor Instruments, Wilmington, DE) , and the perfusion index was calculated for both ischemic and reperfusion time points. MCAo resulted in a 84.42% AE 2.38% (mean AE SD) reduction in blood flow compared to the pre-occlusion rate and reperfusion restored the perfusion index back to pre-occlusion levels (there were no effects of PAE or sex on reduction in blood flow, all ps > 0.16).
Neurological Score
Stroke-induced behavioral changes were assessed by a composite neurological score, equivalent to the National Institutes of Health stroke and Glasgow coma scales in humans, and consistent with the Stroke Treatment Academic Industry Roundtable recommendations (Albers et al., 2011) , because lesion size does not always correlate with poststroke functional deficits. The neurological score was used to assess various behavioral deficits at 24 hours poststroke. Subcomponent tests include tests for forepaw disability, righting reflex, grip strength, motility, and circling (Balkaya et al., 2013; Zhang et al., 2002) . Unilateral damage to the brain (cortex and striatum) can cause asymmetry in the forelimb function on the contralateral side. An animal is scored for every task, and a composite score (based on all 5 features) is used to determine impairment: (i) Forepaw disability: The animal was placed in a cage, and the ability to use the paws to move around was assessed. The scoring was as follows: placement of ipsilateral paw first followed by the contralateral paw is given a score of 1, incomplete placement of the contralateral paw is scored as 2, and inability to place both paws is scored as 3; (ii) Righting reflex: The animal was placed on its back, and its ability to right itself to an upright position using all 4 limbs was tested. Inability to perform this task is scored as 1; (iii) Forepaw Grip strength: The animal was allowed to grab a metal grid with the forelimb and was gently pulled backward from the base of the tail. If the animal loses its grip, it receives a score of 1; (iv) Mobility: The ability of the animal to move around the cage freely was assessed. An animal was scored 1 if it failed to move in a set period of time (2 minutes); and (v) Circling: Animals were observed for circling behavior and scored between 0 and 5 depending on the severity of the circling behavior: 1-mild inconsistent circling when picked up by the tail, 2-mild consistent circling toward the contralateral side, 3-strong circling in the cage observed for more than 50% of the time, 4-severe rotation that progressed into barreling or loss of walking, and 5-comatose.
Adhesive Removal Test
This test is a sensitive indicator for sensory motor deficits and was performed using our previously published method (Balden et al., 2012) . Two pieces of adhesive tape were attached to the palmar surface of the paw of each forelimb. The time each animal takes to remove the tape was recorded. The trial was terminated at 2 minutes. Three trials were performed pre-and poststroke.
Infarct Analysis
Infarct volume analysis was determined using our previous procedures (Bake et al., 2014) . Briefly, the brain was removed from the cranium immediately after decapitation and sliced into 1 mm coronal sections using a brain matrix (Roboz, Gaithersburg, MD). Brain slices (1 mm thick), between +1.66 (anterior) and À1.46 (posterior) to Bregma, were incubated in 2% 2,3,5-triphenyltetrazolium chloride (TTC; Sigma-Aldrich, MO) at 37°C for 20 minutes, and images were captured using a digital camera attached to a surgical microscope (Olympus, Tokyo, Japan). Images were coded, and infarct volume was measured using image analysis software, Image J (https://imagej.nih.gov/ij/) by an experimenter who was blind to the codes. Total brain infarct was calculated from 3 slices (per animal) and is expressed as the ratio of infarct volume in the ischemic hemisphere to the total volume of the nonischemic hemisphere.
Multiplexed Cytokine Profiling
Tissue expression for a panel of cytokines and chemokines was measured in the infarcted tissue from ischemic hemisphere and an equivalent amount of tissue from the similar region of the nonischemic hemisphere of male and female mice using a multiplexed magnetic bead immunoassay (Millipore Corp., Billerica, MA) following manufacturer's instructions. Briefly, the filter plate was blocked with assay buffer for 10 minutes and decanted. Standards and samples (100 lg) were added into appropriate wells, followed by addition of premixed beads and incubated overnight at 4°C on a plate shaker. Wells were washed twice, 25 ll of detection antibody was added, incubated for 1 hour at room temperature and followed by 30 minutes incubation with 25 ll of streptavidin-phycoerythrin per well. After 2 washes, beads were resuspended in 150 ll of sheath fluid and a minimum of 50 beads per analyte was analyzed in a BioPlex suspension array system (Bio-Rad Laboratories, Hercules, CA). Cytokine/chemokine levels were normalized to total protein content. The following cytokines and chemokines were assessed: IL1a, IL-4, IL-1b, IL-2, IL-5, IL-6, IL-7, IL-9, IL-10, IL-13, IL-15, IL-17, IL-12-p-40, IL-12-p-70, IFN-g, MCP-1, IP-10, KC, TNF-a, RANTES, MIP1-a, MIP1-b, MIP-2, G-CSF, GM-CSF.
Statistical Analysis
Blood flow data were analyzed by multivariate (Pillai's trace statistic, MANOVA PTS ) or univariate ANOVA. MANOVAs were followed by post hoc univariate ANOVA, using the SPSS statistical package (SPSS v20; IBM, Armonk, NY). Changes in cytokine profiles in ischemic and nonischemic hemispheres, as a function of PAE and sex, were assessed using a mixed within-and between-subjects MANOVA model. Infarct volume and behavioral assays were analyzed using 2-way ANOVA with sex and treatment as betweengroup measures. For the adhesive removal test, pre-and poststroke performance was treated as a repeated (within-group) measure. Group differences were considered significant at p < 0.05. Results are expressed as mean AE SEM.
RESULTS
Age-and Sex-Dependent Effects of Blood Flow in Adult Mice
Blood flow indices of Acc and VTI were assessed at 3, 6, and 12 months of age in arteries that were cranially directed (carotid), abdominally directed (renal), and extremity directed (femoral). MANOVA showed that there was a significant age effect across all assessed arteries on Acc (MANOVA PTS , F(6, 78) = 11.319, p < 4.64E-09, and VTI, MANOVA PTS, F(6, 80) = 6.97, p < 5.52E-06. Moreover, the effects of age were dependent on sex for Acc, MANO-VA PTS , F(6, 78) = 2.871, p < 0.014, though not for VTI. Moreover, there was not a significant main effect of sex on blood flow indices.
A follow-up univariate analysis of blood flow in the carotid artery showed that there was a significant difference in Acc ( Fig. 2A) with age, F(2, 40) = 61.944, p < 5.60E-13, with a significantly greater Acc at 6 months of age compared to 3 months and followed by a decline at 12 months of age (all post hoc t-tests, p < 0.05). Furthermore, there was an age-by-sex interaction effect on carotid flow Acc, F(2, 40) = 6.741, p < 0.003, with females exhibiting a significant increase in Acc compared to males at 6 months, but not at 3 or 12 months of age. This suggests that sex is an important modifier of the effect of age on cranially directed blood flow in mature adult, but not middle-aged mice. VTI measurement in the carotid arteries also showed a main effect of age, F(2, 41) = 10.529, p < 0.0002, and an age-by-sex interaction, F(2, 41) = 3.585, p < 0.037, with higher VTI in 3-and 6-month-old females compared to age-matched males. This sex difference was eliminated at 12 months of age.
Univariate analyses also identified significant main effects of age on blood flow in renal, Acc, F(2, 40) = 25.165, p < 8.41E-08; VTI, F(2, 41) = 10.529, p < 0.0002, Fig. 2B , and femoral, Acc, F(2, 40) = 22.616, p < 2.69E-07; VTI, F(2, 41) = 15.543 p < 9.46735E-06, Fig. 2C , arteries, but no significant main effects of sex or of age-by-sex interactions. As with the carotid artery, renal and femoral arterial Acc also showed an age-dependent increase from 3 to 6 months of age, and a decline thereafter at 12 months of age. In contrast to the cranially directed carotid circulation, both renal and femoral arteries exhibited a general age-related decline in VTI, with the highest VTI observed at 3 months of age (all post hoc p-values < 0.05).
Effects of PAE on Blood Flow in Adult Mice
We previously showed that EtOH exposure in pregnant dams reduced cranially directed arterial blood flow both immediately and persistently in fetal blood vessels (Bake et al., 2012) . In this study, we therefore sought to determine whether PAE continued to affect cranially directed arterial blood flow in later adulthood. Overall, by multivariate analysis, we observed a main effect of treatment on Acc, MANO-VA PTS , F(3, 38) = 3.35, p < 0.029, and an age-by-treatment interaction effect for both Acc, MANOVA PTS , F(6, 78) = 2.513, p < 0.028, and VTI, MANOVA PTS , F(6, 80) = 2.562, p < 0.025. However, univariate analysis showed that the main effect of treatment was specific to the carotid artery. More specifically, univariate ANOVA showed a main effect of treatment, PAE, on the carotid artery Acc, F(1, 40) = 10.442, p < 0.002, and an interaction effect of treatment by age for Acc, F(2, 40) = 5.823, p < 0.006, and for VTI, F(2, 41) = 8.212, p < 0.001. There was no significant sex-by-treatment interaction effect, F(1, 40) = 3.12, p < 0.082). EtOH treatment resulted in a small but significant (p < 0.038) increase in Acc in 3-month-old PAE adults but a larger and significant decrease in Acc in 6-month-old (p < 0.017) and 12-month-old (p < 2.845E-05) PAE groups relative to controls (Fig. 3B,C) . Furthermore, qualitative assessment of the ultrasonograms shows decreased systole amplitude and apparent arrhythmias in the intersystole contractions in PAE adults compared to control. In contrast, blood flow measurements for both renal and femoral arteries did not exhibit a significant main effect of treatment or an interaction effect of treatment with age (all ps > 0.05, data not shown).
Effect of PAE on Stroke Severity in Adults
PAE-associated changes in cranially directed blood flow, indicative of increased vascular resistance, may predispose individuals to increased risk for disability, following a second adverse life experience like stroke. To examine the association between blood flow changes and stroke outcomes, we examined the effects of PAE on cerebral infarct volume and neurological behaviors poststroke, in a MCAo model. Moreover, as approximately 10 to 14% of all ischemic strokes occur in young adults, and angiopathic factors may predispose this population to stroke (Ji et al., 2013) , we assessed the effects of PAE on stroke outcomes in 3-month-old male and female mice. Animals were subjected to MCAo by suture insertion, for 90 minutes to produce ischemia, followed by suture withdrawal to permit reperfusion. Twenty-four hours following recovery, animals underwent behavioral testing. PAE resulted in a significant increase in the poststroke composite neurological score, F(1, 22) = 27.57, p < 0.00005, Fig. 4A ,B, indicating significant deficits in motor performance. Importantly, 4 of 5 individual components of the neurological score (i.e., grip strength, forepaw placement, mobility, and circling behavior) were collectively, MANO-VA PTS , F(4, 14), p < 0.004, and individually, ANOVA, all Fs (1, 17) > 5.11, all ps < 0.037, Fig. 4C , influenced by PAE. The fifth component, the righting reflex test, was failed by only 1 animal (in the PAE group) and was therefore excluded from component analyses. There was no significant effect of sex, or an interaction between PAE and sex on poststroke motor performance.
The adhesive removal test assesses sensory-motor integration on the limb contralateral to the stroke hemisphere. A mixed within-and between-subjects design was used to assess changes in task performance following stroke, relative to prestroke performance control and PAE adults. Male and female animals were assessed in separate models. Stroke resulted in increased time to adhesive removal in both female, F(1, 10) = 18.83, Greenhouse-Geisser-corrected p < 0.001, and male adults, F(1, 9) = 18.51, Greenhouse- Geisser-corrected p < 0.002. Our data also indicate that PAE significantly increased poststroke time to adhesive removal relative to prestroke performance in female PAE, Fig. 5A , F(1, 10) = 6.04, Greenhouse-Geisser-corrected p < 0.034, but not male PAE adults, Fig. 5B, F(1, 9) = 0.06, Greenhouse-Geisser-corrected p < 0.8, n.s. Qualitative analysis of the data indicate that PAE females performed as poorly on the adhesive removal test as both control and PAE males, whereas control females took~two-thirds less time to remove the adhesive tape. These data collectively indicate that prenatal EtOH significantly affects poststroke recovery of function. Following euthanasia, brain sections were stained with TTC to assess infarct volume. Importantly, there was no difference in infarct volume between control and PAE adults (Fig. 6A,B) indicating that behavioral deficits could not be attributed to increased stroke-related brain damage in PAE adults.
Cytokine Profiles Following Ischemic Stroke in PAE and Control Adults
PAE has been shown to alter brain cytokine profiles in prepubertal rats (Bodnar et al., 2016) . We therefore hypothesized that PAE would also alter cytokine expression profiles in the adult, following stroke in both ischemic and contralateral control hemispheres. In the multiplex assay, 7 of 15 assessed cytokines and 6 of 10 chemokines were detected in brain tissue. A mixed within-(ischemic vs. nonischemic hemisphere) and between-subjects (sex, PAE) multivariate analysis showed that the stroke hemisphere had significantly elevated cytokine levels compared to the nonstroke hemisphere, MANOVA PTS , F(13, 4) = 10.88, p < 0.017. Univariate analysis showed that the ischemic hemisphere specifically exhibited significantly elevated levels of IL-1a, IL-2, IL-5, IL-6, IL-7, IL-9, IL-10, KC, MCP-1, MIP-2, and G-CSF, all Fs(1, 16) > 10.8, all Greenhouse-Geissercorrected ps < 0.002, Fig. 7A ,B. However, there were no overall between-subjects effects due to PAE, MANOVA PTS , F(13, 4) = 0.895, p < 0.61, or sex, MANOVA PTS , F(13, 4) = 0.994, p < 0.56.
DISCUSSION
PAE is a well-established causal factor in behavioral and cognitive impairment in children (Hamilton et al., 2003; Mattson and Riley, 1998; Mattson et al., 2011; Roebuck et al., 1999) , and in continuing mental health problems in adults (Famy et al., 1998; Streissguth et al., 1991) . In the present study, we report that binge-type moderate PAE during the first trimester-equivalent period additionally results in persistent and specific changes in cranially directed blood flow in adult animals, suggesting that FASD may include a cranial vascular component. These data, in conjunction with evidence that PAE results in eating disorders (Werts et al., 2014) and metabolic disease (Dobson et al., 2012; Gray et al., 2010; Probyn et al., 2013; Yao and Gregoire Nyomba, 2007) , support the hypotheses that systemic consequences of PAE may continue to impact the course of adult-onset neurologic disease. Consistent with the above hypothesis, we also report that PAE adults exhibit impaired functional recovery after cerebrovascular ischemic stroke.
The current study used high-resolution ultrasound imaging to evaluate age-and PAE-mediated changes in blood flow patterns in carotid (an elastic artery), and renal and femoral arteries (muscular arteries). This noninvasive technique allows for the acquisition and quantification of highquality Doppler signals to measure Acc. In the present study, we observed a notable age-related increase in Acc from 3 to 6 months of age, mainly in female animals, followed by a precipitous drop in Acc at 12 months, that is, by middle age. The pattern of blood flow in any blood vessel depends on Fig. 3 . Prenatal alcohol exposure (PAE) alters blood flow in carotid arteries of adult mice. (A) Ultrasound images of control and PAE females at 12 months of age showing that PAE results in decreased amplitude and increased variability in pulsatile blood flow through the carotid artery. (B) PAE increased acceleration at 3 months and decreased it at 6 and 12 months of age. (C) PAE caused significant increase in velocity time integral (VTI) at 3 months of age by a significant decrease at 12 months. n = 6 in each group, *p < 0.05, **p < 0.02, ***p < 0.001. several factors, including cardiac ejection rate, vessel wall distensibility and resistance of downstream blood vessels, and any of these factors could contribute to changes in Acc. However, these data show that age itself contributes significantly to changes in vascular physiology. In addition, PAE had a very specific effect in that it altered carotid artery Acc and VTI in an age-specific manner, without affecting flow in renal and femoral arteries. PAE resulted in an increase in both Acc and VTI in the carotid artery at 3 months of age, but a decrease in Acc at both 6 and 12 months of age, and a decrease in VTI at 12 months of age. Several research groups including our own have shown that in animal models, PAE results in immediate effects on fetal blood flow (Bake et al., 2012; Parkington et al., 2014; Parnell et al., 2007) and leads to increased arterial pressure in adults (Gray et al., 2010) .
Data from the current study indicate that the effects of PAE continue further, into adulthood and even middle age.
Studies in human populations report that CCA stiffness increases with age (Kawasaki et al., 1987) , reduces carotid blood flow (Scheel et al., 2000; Siennicki-Lantz et al., 2012) , and is an important predictor of stroke in hypertensive subjects (Laurent et al., 2003) . Cerebral hypoperfusion is shown to cause attention deficits (Duschek et al., 2005) , memory loss (de la Torre, 2012), and vascular dementia (Thomas et al., 2015) in humans. Although the mechanisms underlying blood flow changes in the present study remain unknown, these data show that carotid arterial, that is, cranially directed, blood flow is specifically susceptible to the effects of EtOH, as compared to flow directed to other distal tissues and organs via renal and femoral arteries. The PAE-related increase in Acc in young animals followed by a decrease Fig. 5 . Prenatally alcohol-exposed (PAE) impairs poststroke sensorimotor function in adult female mice. (A) Poststroke performance on the adhesive removal test, a sensorimotor behavioral measure, was significantly worse in PAE adult females compared to non-PAE, control females. (B) Performance on the adhesive removal test was not further impaired by PAE in adult males. Therefore, PAE females exhibited comparable impairment to both control and PAE males. n = 5 in each group *p < 0.05. in middle-aged animals supports a hypothesis that PAE results in a hypertensive phenotype in young animals, but cerebral hypoperfusion in older, middle-aged animals. The PAE-related decline in Acc at 6 months of age, when Acc peaked in untreated animals, suggests that PAE results in premature aging of cranially directed vasculature.
Accelerated vascular aging due to PAE is consistent with the hypothesis that developmental perturbations, including adverse intrauterine environments, can predispose individuals to disease in adulthood (Barker, 1990; Barker and Martyn, 1992) . PAE effects on cranially directed blood flow may not directly result in disease, but may, nevertheless amplify the effect of a second adverse life experience in adulthood. For example, PAE enhances hypersensitivity of hypothalamic pituitary axis to adult-onset stress (Weinberg, 1992) , and exacerbates nonalcoholic fatty liver disease , adrenocorticotrophic hormone, serum glucose, and Brain cytokine expression was elevated in the ischemic hemisphere, 24 hours poststroke compared to the nonischemic hemisphere. Stroke resulted in increased expression of (A) cytokines and (B) chemokines in the ischemic hemisphere compared to the nonischemic hemisphere. There were no significant effects of either sex or prenatal alcohol exposure (PAE) on cytokine/chemokine profiles. Therefore, data were combined for both sex and PAE and composite data comparing ischemic to nonischemic hemisphere depicted. n = 5 in each group *p < 0.05.
insulin resistivity (He et al., 2015) associated with high-fat diet in adult rats. PAE has been shown to induce metabolic disease (Chen and Nyomba, 2004; Probyn et al., 2013) , which along with changes in cranially directed blood flow, are known risk factors for cerebrovascular ischemia/stroke.
The present study focused on stroke outcomes following PAE in 3-month-old young adult animals, as recent epidemiological surveys have identified a sharp increase in stroke in young adults of both sexes (Ramirez et al., 2016; Tibaek et al., 2016) , caused perhaps by an increase in metabolic disease in this population. In our studies, stroke due to transient MCAo resulted in cortical and striatal infarct after 24 hours of reperfusion, comparable to the types of damage observed in human populations (Kaufmann et al., 1999) and in rodent studies (Manwani et al., 2013) . Interestingly, PAE did not alter the size of the MCAo-induced lesion in cortex and striatum and did not result in increased basal or stroke-induced cytokine expression. However, poststroke neurological deficits were significantly more severe in PAE animals compared to controls. Moreover, the adhesive removal test, a test for sensory-motor integration showed unexpected sex difference in the effects of PAE on poststroke outcomes. Control females successfully completed the test in approximately a third of the time required by control and PAE males, poststroke. These data are consistent with epidemiological data, which shows that stroke outcomes including mortality are significantly worse in young adult men compared to women (Aarnio et al., 2014; Varona, 2010) . However, PAE females performed as poorly as both control and PAE males, suggesting that PAE eliminates the resiliency advantage in young females.
PAE did not result in a significant change in brain cytokine levels in either male or female offspring, but stroke itself, as we have previously shown (Bake et al., 2014) , resulted in elevated brain cytokine levels. Interestingly, other research groups have shown microglial activation and increased proinflammatory brain cytokines immediately following early developmental alcohol exposure (Boschen et al., 2016; Topper et al., 2015) . However, these pro-inflammatory brain effects of PAE may be undetectable in the adult. PAE may also elevate systemic immune responses, at least into the adolescent period (Bodnar et al., 2016) , which in turn may influence stroke outcomes in the young adult. It is possible that the reduced severity of stroke outcomes in young control female adults is due to the neuroprotection afforded by circulating levels of ovarian hormones like estrogen in this age group (Selvamani and Sohrabji, 2010) . In contrast, PAE has been shown to alter the hypothalamic-pituitary-adrenal axis (Weinberg et al., 2008) and increase testosterone levels in adolescent females (Carter et al., 2014) , perhaps contributing to adverse stroke outcomes in young adulthood, comparable to those seen in males.
To our knowledge, our study presents the first evidence that PAE can adversely affect stroke outcomes. These data also indicate that PAE may not directly synergize with an ischemic event to promote additional damage, but rather, decreases the capacity of the organism to adapt to acute, adult-onset disease, that is, to recover from a second "hit." Collectively, data from the present study suggest that PAE has long-term consequence on adult health, is an important regulator of blood flow in major cranially directed arteries like carotid artery, and adversely influences stroke outcome in adults. Clearly, further studies are warranted to delineate molecular mechanisms that mediated these adverse effects of PAE and to identify aging associated risks for adults with an FASD diagnosis. Moreover, while we focused on the 3-month-old PAE adults to model stroke outcome in young adults, it will be important, in future studies, to assess stroke outcomes in mature adult and aging PAE animals. Our research in rodent models indicates that whereas a stroke episode results smaller infarcts and better recovery in young females relative to young males, infarct size and stroke outcomes are actually more severe in middle-aged females compared to age-matched males (Bake et al., 2014; Selvamani and Sohrabji, 2010) . Therefore, middle-aged FASD adults may well be at increased risk for stroke and may experience increased disability following stroke. However, currently no data exist to inform clinical care for acute-onset neurological disease in the aging FASD adult.
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